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Introduction {#acn351010-sec-0005}
============

In dementia, functional impairment is manifested by the inability to perform instrumental activities of daily living (IADL; e.g., managing finances, preparing a balanced meal, traveling out of the neighborhood) and more basic ADL (e.g., feeding, dressing, toileting). IADL are complex, involving multiple higher cognitive functions, are important for autonomous living and decline earlier than more basic ADL. Although cognitive outcomes in association with brain amyloid accumulation have been described more thoroughly, functional trajectories of activities of daily living have been studied in less detail.[^1^](#acn351010-bib-0001){ref-type="ref"}

In our previous research,[^2^](#acn351010-bib-0002){ref-type="ref"} we found that higher scores on the Functional Activities Questionnaire (FAQ; indicating greater IADL limitations) were cross‐sectionally associated with abnormal (elevated) ^11^C‐PiB‐PET standardized uptake value ratio (SUVR; A+) and abnormal (reduced) Alzheimer's disease (AD) signature cortical thickness (N+) in individuals without dementia (ND). In addition, previous research suggests that elevated brain amyloid is associated with lower ADL and IADL abilities,[^3^](#acn351010-bib-0003){ref-type="ref"}, [^4^](#acn351010-bib-0004){ref-type="ref"}, [^5^](#acn351010-bib-0005){ref-type="ref"}, [^6^](#acn351010-bib-0006){ref-type="ref"} and that there is an association between IADL disability and brain hypometabolism,[^7^](#acn351010-bib-0007){ref-type="ref"}, [^8^](#acn351010-bib-0008){ref-type="ref"}, [^9^](#acn351010-bib-0009){ref-type="ref"} and MRI neurodegeneration biomarkers.[^10^](#acn351010-bib-0010){ref-type="ref"}, [^11^](#acn351010-bib-0011){ref-type="ref"}, [^12^](#acn351010-bib-0012){ref-type="ref"} Studies also suggested that baseline MRI biomarkers predict future IADL worsening across the AD spectrum,[^10^](#acn351010-bib-0010){ref-type="ref"} and that ND individuals might have different trajectories in IADL performance depending on brain amyloid status.[^1^](#acn351010-bib-0001){ref-type="ref"}

The objective of this study was to examine the association of baseline elevated brain amyloid and reduced AD signature cortical thickness with change in activities of daily living among ND participants (i.e., cognitively unimpaired (CU) and participants with mild cognitive impairment (MCI)) in the population‐based Mayo Clinic Study of Aging (MCSA).

Methods {#acn351010-sec-0006}
=======

Study population {#acn351010-sec-0007}
----------------

The MCSA study design has been published in detail.[^13^](#acn351010-bib-0013){ref-type="ref"}, [^14^](#acn351010-bib-0014){ref-type="ref"} In summary, MCSA is a population‐based study initially established in 2004 in Olmsted County, MN, to identify MCI and dementia risk factors. Using the Rochester Epidemiology Project (REP) resources,[^15^](#acn351010-bib-0015){ref-type="ref"} the Olmsted County residents, aged 70--89 years in October 2004, were enumerated and an age‐ and sex‐stratified random sample was invited to participate in the MCSA. Exclusion criteria included terminal illness, hospice admission, or dementia. In 2012, recruitment of residents 50--69 years began, and ongoing recruitment has maintained the study sample. Magnetic resonance imaging (MRI) was initiated in 2005 and ^11^C‐PiB positron emission tomography (PET) scans in 2008. The institutional review boards of the Mayo Clinic and the Olmsted Medical Center approved all study protocols. All participants provided written informed consent prior to participation in the study. Participants in the current study were all MCSA participants with a baseline PET scan by the end of 2017. All participants were followed up through 2018. The present study includes 1747 participants with amyloid PET, MRI, Functional Activities Questionnaire[^16^](#acn351010-bib-0016){ref-type="ref"} (FAQ), and Clinical Dementia Rating scale [^17^](#acn351010-bib-0017){ref-type="ref"} (CDR) data available, with a mean (SD) of 4.4 (2.6) and a median (range) of 4.3 (0.0--12.7) years of follow‐up \[i.e., (mean (SD) of 4.6 (2.5) and median (range) of 4.7 ( 0--12.7) years of follow‐up for CU participants, and mean (SD) of 3.1 (2.6) and median (range) of 2.7 (0--11.5) years of follow‐up for participants with MCI)\].

Evaluation of participants and diagnostic assessment {#acn351010-sec-0008}
----------------------------------------------------

At baseline and each follow‐up visit approximately every 15 months, a nurse or study coordinator collected sociodemographic factors, asked questions on memory, and administered the Beck Depression Inventory (BDI‐II)[^18^](#acn351010-bib-0018){ref-type="ref"} to participants and the CDR and the FAQ to an informant (i.e., someone who knew the participant well). A physician reviewed the participant's medical history, administered the Short Test of Mental Status[^19^](#acn351010-bib-0019){ref-type="ref"} and performed a neurological examination. Nine neuropsychological tests, administered by a psychometrist, were used to assess cognitive performance in four domains: (1) memory, (2) attention/executive function, (3) language, and (4) visuospatial skills.[^13^](#acn351010-bib-0013){ref-type="ref"}, [^14^](#acn351010-bib-0014){ref-type="ref"} An expert consensus panel of evaluators,(i.e., the nurse or study coordinator, the physician, and a neuropsychologist) review all the information for each participant and adjudicate a final diagnosis (CU, MCI, dementia) by consensus based on published criteria.[^20^](#acn351010-bib-0020){ref-type="ref"}, [^21^](#acn351010-bib-0021){ref-type="ref"}, [^22^](#acn351010-bib-0022){ref-type="ref"} Individuals who performed in the normative range and did not meet criteria for MCI [^20^](#acn351010-bib-0020){ref-type="ref"} or dementia[^21^](#acn351010-bib-0021){ref-type="ref"}, [^22^](#acn351010-bib-0022){ref-type="ref"} were classified as CU.

Imaging {#acn351010-sec-0009}
-------

All MCSA participants are invited to undergo neuroimaging studies at baseline and every 30 months (if cognitively stable) or sooner if a participant changes cognitive status (e.g., if one progresses from CU to MCI). Exclusions include any participant with a partial brain resection and routine MRI safety restrictions.

### ^11^C‐PiB PET methods {#acn351010-sec-0010}

Details are presented in previous reports.[^23^](#acn351010-bib-0023){ref-type="ref"} Amyloid PET imaging was performed with Pittsburg Compound B.[^24^](#acn351010-bib-0024){ref-type="ref"} An amyloid PET SUVR was calculated from the voxel number weighted average of the median uptake in the parietal, temporal, prefrontal, orbitofrontal, anterior and posterior cingulate, and precuneus regions of interest, referenced to the cerebellar gray crus region. The cut point for amyloid PET signifying normal or abnormal was the SUVR value of 1.48 (centiloid 22[^25^](#acn351010-bib-0025){ref-type="ref"}), [^23^](#acn351010-bib-0023){ref-type="ref"}, [^26^](#acn351010-bib-0026){ref-type="ref"} beyond that rates of amyloid PET reliably increased. Amyloid positivity (A+) was defined as SUVR ≥ 1.48. The first ^11^C‐PiB‐PET was used as the baseline in the current analysis.

### MRI measures methods {#acn351010-sec-0011}

All MRI images were acquired on 3T GE MRI (GE Medical Systems, Milwaukee, WI). The MRI measure of neurodegeneration was a FreeSurfer (version 5.3)‐derived cortical thickness meta‐Region of interest (ROI) (entorhinal cortex, fusiform inferior temporal, and middle temporal gyri).[^23^](#acn351010-bib-0023){ref-type="ref"} The cut point value for cortical thickness was 2.68 mm, which most accurately discriminated between cognitively impaired individuals with abnormal amyloid PET and cognitively unimpaired young (aged 30--49 years) individuals with normal amyloid PET (i.e., neurodegeneration (N+; reduced AD signature cortical thickness) was defined as ≤ 2.68mm).[^23^](#acn351010-bib-0023){ref-type="ref"}, [^26^](#acn351010-bib-0026){ref-type="ref"}

Assessment of activities of daily living {#acn351010-sec-0012}
----------------------------------------

Functional performance was assessed by the FAQ[^16^](#acn351010-bib-0016){ref-type="ref"} and the CDR[^17^](#acn351010-bib-0017){ref-type="ref"} over the previous year. We computed the CDR‐sum of boxes (SOB) by summing the scores for each of the domain boxes only for the three functional domains (community affairs, home and hobbies, and personal care),[^27^](#acn351010-bib-0027){ref-type="ref"} which we call in the present study "CDR‐SOB (functional)," resulting in a score range from 0 to 9; higher scores indicate greater impairment.[^28^](#acn351010-bib-0028){ref-type="ref"} The FAQ is a 10‐item questionnaire that assesses IADL (e.g., writing checks, assembling tax records, shopping alone for groceries, working on a hobby, turning off the stove after use, traveling out of the neighborhood, preparing a balanced diet). The informant rates the participant's abilities (0 = normal, 1 = has difficulty but does by self, 2 = requires assistance, 3 = dependent; 8 = not applicable (e.g., never did) was not scored)), resulting in a score range from 0 to 30; higher scores indicate greater impairment. The FAQ was considered complete if 70% of the questions were answered.[^28^](#acn351010-bib-0028){ref-type="ref"} Both FAQ and CDR were administered to an informant at baseline and each follow‐up. For 246 participants, the CDR and FAQ information was reported by informants or participants interchangeably during follow‐up, and 88 participants self‐reported the CDR and FAQ during their entire follow‐up.

Covariates {#acn351010-sec-0013}
----------

The chronic disease burden at the study baseline was assessed from a weighted Charlson Comorbidity Index (CCI)[^29^](#acn351010-bib-0029){ref-type="ref"} score based on electronic diagnosis codes (HICDA, ICD‐9, ICD‐10) using the REP resources. Apolipoprotein E (APOE) ε4 status (carrier vs. noncarrier) was determined from a blood draw at MCSA baseline assessment.

Statistical analysis {#acn351010-sec-0014}
--------------------

Participant characteristics were compared using Kruskal--Wallis tests or χ2 tests as appropriate. For analytical purposes, the raw scores for tests in each cognitive domain were z‐scored and averaged to create domain‐specific cognitive z‐scores. In addition, a global z‐score for overall cognitive performance was also created by averaging the four domain z‐scores. We examined the longitudinal associations of baseline neuroimaging biomarkers (exposure: A+, N+ and their combinations) and change in functional status (outcome) in ND participants (i.e., CU and participants with MCI at baseline) during follow‐up. Mixed effects models allowing fixed effects for age, sex, and education (model 1), as well as individual random intercepts and slopes to account for within‐person correlation, were used to examine the association between baseline neuroimaging biomarkers and change in FAQ and CDR‐SOB (functional). We adjusted additionally for APOE ε4 allele status (model 2) and for time‐varying global cognitive z‐score (model 3). An additional model was also run including baseline depressive symptoms (BDI‐II ≥ 13) and CCI. Estimates did not change appreciably, thus findings are not presented in tables. We also tested whether AN biomarker status predicted rates of change compared to a model without using a 3‐df likelihood ratio test and since this was significant for both FAQ as well as CDR‐SOB outcomes, we followed up with pairwise comparisons between the AN biomarker groups. Potential effect modification by age, sex, APOE ɛ4 carrier status, depressive symptoms, and cognitive status (i.e., CU, MCI) at baseline was examined using interaction terms in the models. We created figures (using mean covariate values for age, sex, and education) only for the predicted FAQ scores, in the case of statistically significant interaction terms. Sensitivity analyses were performed (1) excluding those that ever self‐reported the FAQ and the CDR, (2) excluding participants who were younger than 60 years of age, as very few had elevated brain amyloid (*n* = 8) and (3) excluding 15 participants with FAQ\> 9 at study baseline. Sensitivity analyses' findings were not appreciably different than findings from the main analysis that included all participants. Estimates are presented as beta coefficients with standard errors (SE). We utilized a standard 0.05 alpha level to determine statistical significance. Analyses were performed using the SAS statistical software version 9.4 (SAS Institute, Cary, North Carolina).

Results {#acn351010-sec-0015}
=======

Participants' characteristics {#acn351010-sec-0016}
-----------------------------

There were overall 1,747 participants included in the present study (mean age (standard deviation (SD)): 71.4 (10.1) years; 816 (46.7%) females), 492 (28.4%) were APOE ε 4 positive and 203 (11.6%) had MCI at baseline (Table [1](#acn351010-tbl-0001){ref-type="table"}). There were 771 (44.1%) individuals with A‐N‐, 195 (11.2%) with A+N‐, 442 (25.3%) with A‐N+, and 339 (19.4%) with A+N+ biomarkers. Participants with A+N+ were older, had lower mean global cognitive z‐score, higher mean CCI, higher mean CDR‐SOB, and FAQ score.

###### 

Characteristics of participants without dementia (including CU and MCI) at baseline by AN biomarker status.

                                                                        A‐N‐ (*N* = 771)   A+N‐ (*N* = 195)   A‐N+ (*N* = 442)   A+N+ (*N* = 339)   *P*‐value[\*](#acn351010-note-0007){ref-type="fn"}
  --------------------------------------------------------------------- ------------------ ------------------ ------------------ ------------------ ----------------------------------------------------
  Age, mean (SD)                                                        65.3 (8.7)         73.0 (7.7)         74.8 (8.9)         80.0 (6.4)         \<0.001
  Sex, female                                                           379 (49.2)         111 (56.9)         173 (39.1)         153 (45.1)         \<0.001
  Education (yrs), mean (SD)                                            15.0 (2.5)         14.6 (2.6)         14.3 (2.8)         14.4 (2.8)         \<0.001
  APOE ε24/ε34/ε4[^1^](#acn351010-note-0004){ref-type="fn"}             181 (23.9)         94 (48.5)          76 (17.3)          141 (41.6)         \<0.001
  CCI, mean (SD)                                                        1.91 (2.26)        2.77 (2.46)        3.69 (3.35)        4.18 (3.23)        \<0.001
  Depressive symptoms[^2^](#acn351010-note-0005){ref-type="fn"}         38 (4.9)           13 (6.7)           39 (8.8)           32 (9.5)           0.015
  Global z‐score,[^3^](#acn351010-note-0006){ref-type="fn"} mean (SD)   0.48 (0.94)        0.003 (0.95)       −0.17 (1.06)       −0.79 (1.18)       \<0.001
  Mild cognitive impairment                                             41 (5.3)           18 (9.2)           50 (11.3)          94 (27.7)           \<0.001
  FAQ score, mean (SD)                                                  0.08 (0.43)        0.35 (1.36)        0.52 (1.76)        1.25 (2.71)        \<0.001
  median (range)                                                        0 (0--6)           0 (0--11)          0 (0--19)          0 (0--20)           
  FAQ score \>0                                                         36 (4.7)           23 (11.8)          69 (15.6)          103 (30.4)         \<0.001
  No. of FAQ tests, mean (SD)                                           4.1 (1.7)          4.5 (2.1)          4.4 (2.07)         4.0 (2.1)          0.005
  Have baseline FAQ data only                                           58 (7.5)           14 (7.2)           35 (7.9)           45 (13.3)          0.011
  CDR score, mean (SD)                                                  0.02 (0.11)        0.05 (0.15)        0.06 (0.16)        0.15 (0.24)        \<0.001
  median (range)                                                        0 (0--0.5)         0 (0--0.5)         0 (0--1)           0 (0--1)            
  CDR score\> 0                                                         36 (4.7)           18 (9.2)           49 (11.1)          98 (28.9)          \<0.001
  CDR SOB, mean (SD)                                                    0.04 (0.20)        0.12 (0.48)        0.14 (0.47)        0.45 (0.92)        \<0.001
  median (range)                                                        0 (0--2.5)         0 (0--4)           0 (0--4.5)         0 (0--6.5)          
  CDR SOB\> 0                                                           40 (5.2)           20 (10.3)          57 (12.9)          105 (31.0)         \<0.001
  CDR SOB (func.), mean (SD)                                            0.003 (0.04)       0.02 (0.14)        0.04 (0.22)        0.13 (0.39)        \<0.001
  median (range)                                                        0 (0--1)           0 (0--1.5)         0 (0--3)           0 (0--3.5)          
  CDR SOB (func.) \>0                                                   3 (0.4)            5 (2.6)            19 (4.3)           46 (13.6)          \<0.001
  No. of CDR tests, mean (SD)                                           4.2 (1.8)          4.5 (2.1)          4.5 (2.1)          4.0 (2.1)          0.004
  Have Baseline CDR data only                                           58 (7.5)           14 (7.2)           30 (6.8)           41 (12.1)          0.033
  Years since baseline, mean (SD)                                       4.3 (2.3)          4.7 (2.7)          4.8 (2.7)          4.1 (2.8)          0.001
  median (range)                                                        4.2 (0--10.5)      4.8 (0--11.5)      5.0 (0--12.7)      4.0 (0--11.7)       

APOE, apolipoprotein E; CCI, Charlson Comorbidity Index; BDI II, Beck Depression Inventory; A+, Elevated amyloid (A+), is defined as ^11^C‐Pittsburgh compound B standardized uptake value ratio ≥ 1.48; N+, Abnormal (reduced) AD signature cortical thickness (N+) was defined as ≤ 2.68mm; CDR SOB, Clinical Dementia Rating scale sum of boxes (0--18); CDR (func.), CDR‐SOB only for the three functional (community affairs, home and hobbies and personal care) domains (0--9); FAQ score, Functional activities questionnaire total score (0--30, completed if 70% of questions answered).

*N* (%) unless otherwise stated.

17 missing.

BDI‐II ≥ 13, 8 missing.

Cognitive z‐scores computed after scaling raw cognitive test scores (mean = 0, SD = 1) using data for cognitively normal subjects at baseline. Domain‐specific z‐scores are summed and scaled to obtain the global z‐score; 87 missing.

Kruskal--Wallis or Chi‐Square test.

John Wiley & Sons, Ltd

During the follow‐up period (mean (SD) 4.4 years (2.6)), overall 177 CU individuals at baseline progressed to MCI (30 A‐N‐, 26 A+N‐, 54 A‐N+, 67 A+N+ at baseline) with 32 progressing further to dementia (2 A‐N‐, 5 A+N‐, 7 A‐N+, 18 A+N+ at baseline). Forty individuals with MCI at baseline progressed to dementia (1 A‐N‐, 2 A+N‐, 13 A‐N+, 24 A+N+). In participants aged 50--69 (*N* = 750) at baseline, only 36 (4.8%) progressed (increased) in FAQ score over their follow‐up time, while in those 70+ years old at baseline, there were 227 of 997 (22.8%) who progressed in FAQ over their follow‐up time. Participants' characteristics by amyloid and neurodegeneration status are presented in Table [2](#acn351010-tbl-0002){ref-type="table"}.

###### 

Participants\' baseline characteristics by Amyloid and Neurodegeneration status.

  Characteristics                                                                                                   Elevated Amyloid (A+)   Neurodegeneration (N+)                                        
  ----------------------------------------------------------------------------------------------------------------- ----------------------- ------------------------ ---------- ------------ ------------ ----------
  Age, mean (SD)                                                                                                    68.8 (9.9)              77.4 (7.7)               \<0.001    66.9 (9.1)   77.1 (8.3)   \<0.001
  Sex, female                                                                                                       552 (45.5)              264 (49.4)               0.13       476 (49.3)   455 (58.3)   \<0.001
  Education (yrs), mean (SD)                                                                                        14.8 (2.6)              14.4 (2.7)               0.008      14.9 (2.5)   14.4 (2.8)   \<0.001
  APOE ε24/ε34/ε4[^1^](#acn351010-note-0010){ref-type="fn"}                                                         257 (21.5)              235 (44.1)               \<0.001    275 (28.9)   217 (27.9)   0.63
  CCI                                                                                                               2.6 (2.8)               3.7 (3.1)                \<0.001    2.1 (2.3)    3.9 (3.3)    \<0.001
  Depressive symptoms[^2^](#acn351010-note-0011){ref-type="fn"}                                                     77 (6.4)                45 (8.5)                 0.11       51 (5.3)     71 (9.1)     0.002
  Global cognitive z‐score[^3^](#acn351010-note-0012){ref-type="fn"}, [^\*^](#acn351010-note-0013){ref-type="fn"}   0.2 (1.0)               −0.5 (1.2)               \<0.001    0.4 (1.0)    −0.4 (1.2)   \<0.001
  Mild cognitive impairment                                                                                         91 (7.5)                112 (21.0)                \<0.001   59 (6.1)     144 (18.4)    \<0.001
  FAQ score, mean (SD)                                                                                              0.2 (1.1)               0.9 (2.3)                \<0.001    0.1 (0.7)    0.8 (2.2)    \<0.001
  median (range)                                                                                                    0 (0--19)               0 (0--20)                           0 (0--11)    0 (0--20)     
  FAQ score\> 0                                                                                                     105 (8.7)               126 (23.6)               \<0.001    59 (6.1)     172 (22.0)   \<0.001
  CDR score, mean (SD)                                                                                              0.04 (0.13)             0.11 (0.21)              \<0.001    0.03 (0.1)   0.1 (0.2)    \<0.001
  median (range)                                                                                                    0 (0--1)                0 (0--1)                            0 (0--0.5)   0 (0--1)      
  CDR^f^ score\> 0                                                                                                  85 (7.0)                116 (21.7)               \<0.001    54 (5.6)     147 (18.8)   \<0.001
  CDR SOB, mean (SD)                                                                                                0.1 (0.3)               0.3 (0.8)                \<0.001    0.06 (0.3)   0.3 (0.7)    \<0.001
  median (range)                                                                                                    0 (0--4.5)              0 (0--6.5)                          0 (0--4)     0 (0--6.5)    
  CDR SOB\> 0                                                                                                       97 (8.0)                125 (23.4)               \<0.001    60 (6.2)     162 (20.7)   \<0.001
  CDR SOB (func.), mean (SD)                                                                                        0.02 (0.1)              0.09 (0.3)               \<0.001    0.01 (0.1)   0.1 (0.3)    \<0.001
  median (range)                                                                                                    0 (0--3)                0 (0--3.5)                          0 (0--1.5)   0 (0--3.5)    
  CDR SOB (func.) \>0                                                                                               22 (1.8)                51 (9.6)                 \<0.001    8 (0.8)      65 (8.3)     \<0.001

APOE, apolipoprotein E; CCI, Charlson Comorbidity Index; BDI II, Beck Depression Inventory; A+, Elevated amyloid (A+), is defined as ^11^C‐Pittsburgh compound B standardized uptake value ratio ≥ 1.48; N+, Abnormal (reduced) AD signature cortical thickness (N+) was defined as ≤ 2.68mm; CDR SOB, Clinical Dementia rating Scale sum of boxes (0--18); CDR (func.), CDR‐SOB only for the three functional (community affairs, home and hobbies and personal care) domains (0--9); FAQ score = Functional activities questionnaire score (0--30, completed if 70% of questions answered).

*N* (%) unless otherwise stated.

17 missing

BDI‐II ≥ 13, 8 missing

Cognitive z‐scores computed after scaling raw cognitive test scores (mean = 0, SD = 1) using data for cognitively normal subjects at baseline. Domain‐specific z‐scores are summed and scaled to obtain global z‐scores; 87 missing.

Kruskal--Wallis or Chi‐Square test.

John Wiley & Sons, Ltd

Association of neuroimaging biomarkers and change in FAQ score and CDR‐SOB (functional) {#acn351010-sec-0017}
---------------------------------------------------------------------------------------

When we consider both amyloid and neurodegeneration status together, the A+N+ group had the highest annualized change in FAQ score from baseline than the other three biomarker groups (Table [3](#acn351010-tbl-0003){ref-type="table"} and Fig. [1](#acn351010-fig-0001){ref-type="fig"}). When a time‐varying global cognitive composite was included in the model, associations between the biomarkers and functional measures of daily living were substantially attenuated (Tables [3](#acn351010-tbl-0003){ref-type="table"} and [4](#acn351010-tbl-0004){ref-type="table"}), indicating that cognitive and activities of daily living measures share a substantial amount of variance. Interaction terms were statistically significant for age, APOE ɛ4 status, and cognitive status at baseline (Figs. [2](#acn351010-fig-0002){ref-type="fig"}, [3](#acn351010-fig-0003){ref-type="fig"}). As only 4.8% of participants aged 50--69 at baseline progressed in FAQ overtime, a sensitivity analysis was performed only in those 70+ years old at baseline and findings agree with the overall main analysis (Table [5](#acn351010-tbl-0005){ref-type="table"}).

###### 

Regression coefficients from linear mixed‐effects models for FAQ and CDR‐SOB (functional) by AN biomarker status.

                                        FAQ score                                                   CDR‐SOB (functional)                                                                                                                                                                                                                            
  ------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------
  Intercept                             0.16 (0.07)                                                 0.09 (0.08)                                                 0.26 (0.07)                                                 0.002 (0.01)                                                −0.005 (0.01)                                               0.02 (0.01)
  Baseline age, in years                0.02 (0.005)                                                0.02 (0.005)                                                0.00 (0.005)                                                0.002 (0.001)                                               0.002 (0.001)                                               0.00 (0.001)
  Male                                  0.05 (0.08)                                                 0.05 (0.08)                                                 −0.05 (0.07)                                                0.02 (0.01)                                                 0.02 (0.01)                                                 0.003 (0.01)
  Education, in years                   −0.04 (0.01)                                                −0.04 (0.01)                                                0.04 (0.01)                                                 0.00 (0.002)                                                0.001 (0.002)                                               0.01 (0.002)
  APOE ε4                                                                                           0.31 (0.09)                                                 0.22 (0.08)                                                                                                             0.03 (0.01)                                                 0.02 (0.01)
  Global cognitive z‐score                                                                                                                                      −0.49 (0.03)                                                                                                                                                                        ‐0.06 (0.005)
  A+N‐                                  0.06 (0.13)                                                 −0.03 (0.14)                                                0.01 (0.12)                                                 −0.02 (0.02)                                                −0.03 (0.02)                                                −0.02 (0.02)
  A‐N+                                  0.15 (0.11)                                                 0.16 (0.11)                                                 0.08 (0.10)                                                 0.01 (0.02)                                                 0.01 (0.02)                                                 0.008 (0.01)
  A+N+                                  0.49 (0.13)                                                 0.40 (0.13)                                                 0.32 (0.12)                                                 0.06 (0.02)                                                 0.05 (0.02)                                                 0.05 (0.02)
  Time                                  0.03 (0.04)                                                 0.03 (0.04)                                                 0.03 (0.02)                                                 0.005 (0.01)                                                0.004 (0.01)                                                0.004 (0.003)
  A+N‐ x Time                           0.24 (0.08)[\*\*](#acn351010-note-0020){ref-type="fn"}      0.24 (0.08)[\*\*](#acn351010-note-0020){ref-type="fn"}      0.12 (0.05)[\*](#acn351010-note-0019){ref-type="fn"}        0.03 (0.01)[\*](#acn351010-note-0019){ref-type="fn"}        0.03 (0.01)[\*](#acn351010-note-0019){ref-type="fn"}        0.01 (0.01)[\*](#acn351010-note-0019){ref-type="fn"}
  A‐N+ x Time                           0.23 (0.06)[\*\*\*](#acn351010-note-0021){ref-type="fn"}    0.23 (0.06)[\*\*\*](#acn351010-note-0021){ref-type="fn"}    0.09 (0.04)[\*](#acn351010-note-0019){ref-type="fn"}        0.04 (0.01)[\*\*\*](#acn351010-note-0021){ref-type="fn"}    0.04 (0.01)[\*\*\*](#acn351010-note-0021){ref-type="fn"}    0.01 (0.005)
  A+N+ x Time                           0.80 (0.07)[\*\*\*](#acn351010-note-0021){ref-type="fn"}    0.80 (0.07)[\*\*\*](#acn351010-note-0021){ref-type="fn"}    0.31 (0.05)[\*\*\*](#acn351010-note-0021){ref-type="fn"}    0.09 (0.01)[\*\*\*](#acn351010-note-0021){ref-type="fn"}    0.09 (0.01)[\*\*\*](#acn351010-note-0021){ref-type="fn"}    0.02 (0.01)[\*\*\*](#acn351010-note-0021){ref-type="fn"}
  Annual Rate of Change                                                                                                                                                                                                                                                                                                                             
  A+N‐ slope                            0.28 (0.07)                                                 0.28 (0.07)                                                 0.15 (0.05)                                                 0.04 (0.01)                                                 0.04 (0.01)                                                 0.02 (0.01)
  A‐N+ slope                            0.26 (0.05)                                                 0.26 (0.05)                                                 0.13 (0.03)                                                 0.04 (0.01)                                                 0.04 (0.01)                                                 0.01 (0.004)
  A+N+ slope                            0.83 (0.06)                                                 0.83 (0.06)                                                 0.34 (0.04)                                                 0.10 (0.01)                                                 0.10 (0.01)                                                 0.02 (0.005)
  Difference in annual rate of change                                                                                                                                                                                                                                                                                                               
  A+N‐ vs A‐N+                          0.02 (0.08)                                                 0.01 (0.08)                                                 0.02 (0.06)                                                 −0.01 (0.01)                                                −0.01 (0.01)                                                0.01 (0.01)
  A+N‐ vs A+N+                          −0.56 (0.09)[\*\*\*](#acn351010-note-0021){ref-type="fn"}   −0.56 (0.09)[\*\*\*](#acn351010-note-0021){ref-type="fn"}   −0.20 (0.06)[\*\*](#acn351010-note-0020){ref-type="fn"}     −0.06 (0.02)[\*\*\*](#acn351010-note-0021){ref-type="fn"}   −0.06 (0.02)[\*\*\*](#acn351010-note-0021){ref-type="fn"}   −0.01 (0.01)
  A‐N+ vs A+N+                          −0.57 (0.07)[\*\*\*](#acn351010-note-0021){ref-type="fn"}   −0.57 (0.07)[\*\*\*](#acn351010-note-0021){ref-type="fn"}   −0.22 (0.05)[\*\*\*](#acn351010-note-0021){ref-type="fn"}   −0.06 (0.01)[\*\*\*](#acn351010-note-0021){ref-type="fn"}   −0.06 (0.01)[\*\*\*](#acn351010-note-0021){ref-type="fn"}   −0.01 (0.01)[\*](#acn351010-note-0019){ref-type="fn"}

A+, Elevated amyloid (A+), defined as ^11^C‐Pittsburgh compound B standardized uptake value ratio ≥ 1.48; N+, Abnormal (reduced) AD signature cortical thickness (N+), defined as ≤ 2.68mm; CDR SOB (functional), Clinical dementia rating scale sum of boxes only for the 3 functional domains (community affairs, home and hobbies, and personal care); FAQ score, Functional activities questionnaire score. Fixed model results from a linear mixed effects model allowing for random individual intercepts and slopes; ^1^model 1 allows fixed effects for age, sex, education; ^2^model 2 allows fixed effects for age, sex, education, apolipoprotein E ε4 carrier status; ^3^model 3 allows fixed effects for age, sex, education, APOE ε4, global cognitive z‐score. Intercept refers to the mean score at baseline for a 70‐year‐old female with 14 years of education, no ApoE ε4 allele (models 2 and 3) and a z‐global score of 0 (model 3) and with A‐N‐ biomarker status. Each AN biomarker status refers to the difference in mean score at baseline compared to A‐N‐ status. Time value refers to the annual rate of change in score for those with A‐N‐ status. Interaction effects refer to the difference in annual change in score for each AN biomarker status compared to A‐N‐. In the longitudinal models, individuals contribute from 1 to 11 observations to the analysis. Model 1 includes data from 1747 participants, Model 2 includes data from 1730 participants (17 participants missing information for ApoE) and Model 3 includes data from 1644 participants (86 participants missing information additionally for z‐global).
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John Wiley & Sons, Ltd

![Predicted FAQ score from baseline in individuals without dementia by AN biomarker groups (panel A), elevated brain amyloid (A+/A‐; panel B) and neurodegeneration (N+/N‐; panel C) status. Derived from mixed‐effects models using mean covariate values for age, sex, and education, allowing for random subject‐specific intercepts and slopes.](ACN3-7-474-g001){#acn351010-fig-0001}

###### 

Regression coefficients from linear mixed‐effects models for FAQ and CDR‐SOB (functional) by amyloid and neurodegeneration status.

                             FAQ score                                                  CDR‐SOB (functional)                                                                                                                                                                                                                        
  -------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------
  Amyloid status                                                                                                                                                                                                                                                                                                                    
  Intercept                  0.21 (0.06)                                                0.15 (0.07)                                                0.29 (0.06)                                                0.004 (0.01)                                               −0.003 (0.01)                                              0.02 (0.01)
  Baseline age, in years     0.02 (0.004)                                               0.03 (0.004)                                               0.002 (0.004)                                              0.002 (0.001)                                              0.003 (0.001)                                              0.00 (0.001)
  Male                       0.07 (0.08)                                                0.07 (0.08)                                                −0.04 (0.07)                                               0.02 (0.01)                                                0.02 (0.01)                                                0.005 (0.01)
  Education, in years        −0.04 (0.01)                                               −0.04 (0.01)                                               0.04 (0.01)                                                0.00 (0.002)                                               0.00 (0.002)                                               0.01 (0.002)
  APOE ε4                                                                               0.30 (0.09)                                                0.22 (0.08)                                                                                                           0.03 (0.01)                                                0.02 (0.01)
  Global cognition z‐score                                                                                                                         −0.51 (0.03)                                                                                                                                                                     −0.06 (0.005)
  A+                         0.24 (0.09)                                                0.15 (0.10)                                                0.15 (0.09)                                                0.02 (0.01)                                                0.01 (0.01)                                                0.02 (0.01)
  Time                       0.12 (0.03)                                                0.12 (0.03)                                                0.07 (0.02)                                                0.02 (0.005)                                               0.02 (0.01)                                                0.01 (0.002)
  A+ x Time                  0.50 (0.05)[\*\*\*](#acn351010-note-0026){ref-type="fn"}   0.50 (0.05)[\*\*\*](#acn351010-note-0026){ref-type="fn"}   0.19 (0.04)[\*\*\*](#acn351010-note-0026){ref-type="fn"}   0.06 (0.01)[\*\*\*](#acn351010-note-0026){ref-type="fn"}   0.06 (0.01)[\*\*\*](#acn351010-note-0026){ref-type="fn"}   0.01 (0.004)[\*\*](#acn351010-note-0025){ref-type="fn"}
  Annual Rate of Change                                                                                                                                                                                                                                                                                                             
  A+ slope                   0.62 (0.04)                                                0.62 (0.04)                                                0.26 (0.03)                                                0.08 (0.01)                                                0.08 (0.01)                                                0.02 (0.004)
  Neurodegeneration                                                                                                                                                                                                                                                                                                                 
  Intercept                  0.18 (0.07)                                                0.09 (0.07)                                                0.27 (0.06)                                                −0.001 (0.01)                                              −0.01 (0.01)                                               0.01 (0.01)
  Baseline age, in years     0.02 (0.005)                                               0.02 (0.005)                                               0.001 (0.004)                                              0.002 (0.001)                                              0.002 (0.001)                                              −0.001 (0.001)
  Male                       0.04 (0.08)                                                0.04 (0.08)                                                −0.06 (0.07)                                               0.02 (0.01)                                                0.02 (0.01)                                                0.001 (0.01)
  Education, in years        −0.04 (0.01)                                               −0.03 (0.01)                                               0.04 (0.01)                                                0.001 (0.002)                                              0.001 (0.002)                                              0.01 (0.002)
  APOE ε4                                                                               0.33 (0.09)                                                0.24 (0.08)                                                                                                           0.04 (0.01)                                                0.03 (0.01)
  Global cognition z‐score                                                                                                                         −0.51 (0.03)                                                                                                                                                                     −0.06 (0.005)
  N+                         0.26 (0.09)                                                0.26 (0.09)                                                0.16 (0.08)                                                0.03 (0.01)                                                0.03 (0.01)                                                0.03 (0.01)
  Time                       0.08 (0.03)                                                0.08 (0.03)                                                0.05 (0.02)                                                0.01 (0.01)                                                0.01 (0.01)                                                0.007 (0.003)
  N+ x Time                  0.41 (0.05)[\*\*\*](#acn351010-note-0026){ref-type="fn"}   0.41 (0.05)[\*\*\*](#acn351010-note-0026){ref-type="fn"}   0.15 (0.03)[\*\*\*](#acn351010-note-0026){ref-type="fn"}   0.05 (0.01)[\*\*\*](#acn351010-note-0026){ref-type="fn"}   0.05 (0.01)[\*\*\*](#acn351010-note-0026){ref-type="fn"}   0.01 (0.004)[\*](#acn351010-note-0024){ref-type="fn"}
  Annual Rate of Change                                                                                                                                                                                                                                                                                                             
  N+ slope                   0.50 (0.04)                                                0.50 (0.04)                                                0.21 (0.03)                                                0.07 (0.01)                                                0.07 (0.01)                                                0.02 (0.003)

A+ =Elevated amyloid (A+), defined as ^11^C‐Pittsburgh compound B standardized uptake value ratio ≥ 1.48; N+ = Abnormal (reduced) AD signature cortical thickness (N+), defined as ≤ 2.68mm; CDR SOB (functional) = Clinical dementia rating scale sum of boxes only for the three functional domains (community affairs, home and hobbies, and personal care); FAQ score = Functional activities questionnaire score. Fixed model results from a linear mixed effects model allowing for random individual intercepts and slopes; ^1^model 1 allows fixed effects for age, sex, education; ^2^model 2 allows fixed effects for age, sex, education, apolipoprotein E ε4 carrier status; ^3^model 3 allows fixed effects for age, sex, education, APOE ε4, global cognitive z‐score. Intercept refers to the mean score at baseline for a 70--year‐old female with 14 years of education, no ApoE ε4 allele (models 2 and 3) and a z‐global score of 0 (model 3) and with A‐ or N‐ biomarker status. A+ or N+ biomarker status refers to the difference in mean score at baseline compared to A‐ or N‐ status. Time value refers to annual change in score for those with A‐ or N‐ status. Interaction effects refer to the difference in annual change in score for A+ or N+ biomarker status compared to A‐ or N‐. In the longitudinal models, individuals contribute from 1 to 11 observations to the analysis. Model 1 includes data from 1747 participants, Model 2 includes data from 1730 participants (17 participants missing information for ApoE) and Model 3 includes data from 1644 participants (86 participants missing information additionally for z‐global).
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![Predicted FAQ score from baseline in individuals without dementia by AN biomarker groups, and APOE ε4 status (E4; panels A and B; APOE ε4 p for interaction: \<0.001) and cognitive status (cognitively unimpaired (CU)/mild cognitive impairment (MCI) panels C and D; cognitive status at baseline p for interaction: \<0.001). Derived from mixed‐effects models using mean covariate values for age, sex, and education, allowing for random subject‐specific intercepts and slopes.](ACN3-7-474-g002){#acn351010-fig-0002}

![Predicted FAQ score from baseline in individuals without dementia by: (i) elevated brain amyloid status (A+/A‐), APOE ε4 status (E4, panel A; APOE ε4 p for interaction: 0.01) and cognitive status (cognitively unimpaired (CU)/mild cognitive impairment (MCI), panel B; cognitive status at baseline p for interaction: \<0.001); and (ii) by neurodegeneration (N+/N‐), APOE ε4 status (E4, panel C; APOE ε4 p for interaction: \<0.001) and cognitive status (CU/MCI), panel D; cognitive status at baseline p for interaction: \<0.001). Derived from mixed‐effects models using mean covariate values for age, sex, and education, allowing for random subject‐specific intercepts and slopes.](ACN3-7-474-g003){#acn351010-fig-0003}

###### 

Regression coefficients from linear mixed effects models for FAQ and CDR‐SOB (functional) by AN biomarker status in participants 70 + years old.

                                        FAQ score                                                   CDR‐SOB (functional)                                                                                                                                                                                                                         
  ------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- --------------------------------------------------------
  Intercept                             −0.16 (0.16)                                                −0.30 (0.17)                                                −0.10 (0.15)                                               −0.03 (0.02)                                               −0.05 (0.03)                                               −0.001 (0.02)
  Baseline age, in years                0.04 (0.01)                                                 0.05 (0.01)                                                 0.03 (0.01)                                                0.004 (0.002)                                              0.01 (0.002)                                               0.001 (0.001)
  Male                                  0.08 (0.13)                                                 0.08 (0.13)                                                 −0.04 (0.12)                                               0.03 (0.02)                                                0.03 (0.02)                                                0.01 (0.01)
  Education, in years                   −0.05 (0.02)                                                −0.05 (0.02)                                                0.04 (0.02)                                                0.001 (0.003)                                              0.001 (0.003)                                              0.01 (0.003)
  APOE ε4                                                                                           0.57 (0.15)                                                 0.45 (0.14)                                                                                                           0.06 (0.02)                                                0.03 (0.02)
  Global cognition z‐score                                                                                                                                      −0.61 (0.05)                                                                                                                                                                     −0.05 (0.01)
  A+N‐                                  0.17 (0.22)                                                 0.01 (0.22)                                                 0.06 (0.20)                                                −0.02 (0.03)                                               −0.04 (0.03)                                               −0.02 (0.02)
  A‐N+                                  0.23 (0.18)                                                 0.25 (0.18)                                                 0.15 (0.16)                                                0.01 (0.03)                                                0.01 (0.03)                                                0.01 (0.02)
  A+N+                                  0.52 (0.19)                                                 0.36 (0.19)                                                 0.20 (0.17)                                                0.07 (0.03)                                                0.05 (0.03)                                                0.06 (0.02)
  Time, in years                        0.06 (0.08)                                                 0.06 (0.08)                                                 0.02 (0.05)                                                0.01 (0.01)                                                0.01 (0.01)                                                0.005 (0.01)
  A+N‐ x Time                           0.33 (0.13)                                                 0.32 (0.13)[\*](#acn351010-note-0029){ref-type="fn"}        0.16 (0.09)                                                0.04 (0.02)                                                0.04 (0.03)                                                0.02 (0.02)
  A‐N+ x Time                           0.28 (0.11)                                                 0.28 (0.11)[\*\*](#acn351010-note-0030){ref-type="fn"}      0.12 (0.07)                                                0.05 (0.02)[\*](#acn351010-note-0029){ref-type="fn"}       0.05 (0.02)[\*](#acn351010-note-0029){ref-type="fn"}       0.02 (0.01)
  A+N+ x Time                           0.88 (0.11)[\*\*](#acn351010-note-0030){ref-type="fn"}      0.88 (0.11)[\*\*\*](#acn351010-note-0031){ref-type="fn"}    0.35 (0.08)[\*\*\*](#acn351010-note-0031){ref-type="fn"}   0.10 (0.02)[\*\*\*](#acn351010-note-0031){ref-type="fn"}   0.10 (0.02)[\*\*\*](#acn351010-note-0031){ref-type="fn"}   0.03 (0.01)[\*\*](#acn351010-note-0030){ref-type="fn"}
  Annual Rate of Change                                                                                                                                                                                                                                                                                                                          
  A+N‐ slope                            0.39 (0.11)                                                 0.38 (0.11)                                                 0.18 (0.06)                                                0.05 (0.02)                                                0.05 (0.02)                                                0.03 (0.01)
  A‐N+ slope                            0.34 (0.07)                                                 0.34 (0.07)                                                 0.14 (0.05)                                                0.06 (0.01)                                                0.06 (0.01)                                                0.02 (0.01)
  A+N+ slope                            0.94 (0.08)                                                 0.94 (0.08)                                                 0.36 (0.06)                                                0.11 (0.01)                                                0.11 (0.01)                                                0.04 (0.01)
  Difference in annual rate of change                                                                                                                                                                                                                                                                                                            
  A+N‐ vs A‐N+                          0.05 (0.13)                                                 0.04 (0.13)                                                 0.04 (0.09)                                                −0.01 (0.02)                                               −0.01 (0.02)                                               0.003 (0.01)
  A+N‐ vs A+N+                          −0.55 (0.13)[\*\*\*](#acn351010-note-0031){ref-type="fn"}   −0.56 (0.13)[\*\*\*](#acn351010-note-0031){ref-type="fn"}   −0.19 (0.09)[\*](#acn351010-note-0029){ref-type="fn"}      −0.06 (0.02)[\*](#acn351010-note-0029){ref-type="fn"}      −0.05 (0.02)[\*](#acn351010-note-0029){ref-type="fn"}      −0.01 (0.02)
  A‐N+ vs A+N+                          −0.60 (0.10)[\*\*\*](#acn351010-note-0031){ref-type="fn"}   −0.60 (0.10)[\*\*\*](#acn351010-note-0031){ref-type="fn"}   −0.22 (0.07)[\*\*](#acn351010-note-0030){ref-type="fn"}    −0.06 (0.02)[\*\*](#acn351010-note-0030){ref-type="fn"}    −0.05 (0.02)[\*](#acn351010-note-0029){ref-type="fn"}      −0.01 (0.01)

A+, Elevated amyloid (A+), defined as ^11^C‐Pittsburgh compound B standardized uptake value ratio ≥ 1.48; N+, Abnormal (reduced) AD signature cortical thickness (N+), defined as ≤ 2.68mm; CDR SOB (functional), Clinical dementia rating scale sum of boxes only for the three functional domains (community affairs, home and hobbies, and personal care); FAQ score = Functional activities questionnaire score. Fixed model results from a linear mixed effects model allowing for random individual intercepts and slopes; ^1^model 1 allows fixed effects for age, sex, education; ^2^model 2 allows fixed effects for age, sex, education, apolipoprotein E ε4 carrier status; ^3^model 3 allows fixed effects for age, sex, education, APOE ε4, global cognitive z‐score. Intercept refers to the mean score at baseline for a 70‐year‐old female with 14 years of education, no ApoE ε4 allele (models 2 and 3) and a z‐global score of 0 (model 3) and with A‐N‐ biomarker status. Each AN biomarker status refers to the difference in mean score at baseline compared to A‐N‐ status. Time value refers to annual change in score for those with A‐N‐ status. Interaction effects refer to the difference in annual change in score for each AN biomarker status compared to A‐N‐. In the longitudinal models, individuals contribute from 1 to 11 observations to the analysis. Model 1 includes data from 1747 participants, Model 2 includes data from 1730 participants (17 participants missing information for ApoE) and Model 3 includes data from 1644 participants (86 participants missing information additionally for z‐global).
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John Wiley & Sons, Ltd

Findings related to CDR‐SOB (functional) partly agreed with FAQ score findings, with the A+N+ group having the highest annualized change in activities of daily living from baseline, but this relationship was not statistically significant for all comparisons when adjusting also for the time‐varying cognitive performance (Table [3](#acn351010-tbl-0003){ref-type="table"}; model 3). However, we need to acknowledge that there were very few participants (4.2%) who had a CDR‐SOB (functional)\>0 resulting in lower power to detect differences.

Discussion {#acn351010-sec-0018}
==========

Elevated brain amyloid and reduced cortical thickness in an AD signature region were associated with faster IADL decline in participants without dementia at baseline. Participants who were A+N+ had the greatest decline in IADL performance (vs. A‐N‐; especially when assessed by the FAQ). This association was considerably attenuated, as expected, after adjusting additionally for time‐varying cognitive performance and remained statistically significant (i.e., for annualized change in the FAQ score). The association between biomarkers and change in activities of daily living was modified by age, APOE ε4 status, and cognitive status at baseline.

Current findings are in line with a recent study suggesting that amyloid‐positive and ‐negative individuals might have different IADL trajectories,[^1^](#acn351010-bib-0001){ref-type="ref"} with previous studies suggesting that baseline MRI biomarkers could predict IADL worsening over time regardless of cognitive status[^10^](#acn351010-bib-0010){ref-type="ref"} and that higher disability in ADL ability is associated with greater pathological burden (e.g., neuritic plaque and neurofibrillary tangle counts) in patients with dementia due to AD.[^30^](#acn351010-bib-0030){ref-type="ref"} A review[^31^](#acn351010-bib-0031){ref-type="ref"} showed that neuroanatomical changes (e.g., hippocampal atrophy, white matter changes) were associated with IADL, independent of cognition, but to a lesser extent; cognitive function seemed to be a stronger IADL predictor than brain morphological changes. Baseline temporal and parietal atrophy has been associated with IADL worsening overtime in all cognitive status groups,[^10^](#acn351010-bib-0010){ref-type="ref"} but most studies have focused on white matter and not gray matter changes.[^31^](#acn351010-bib-0031){ref-type="ref"} In addition, in individuals with AD, medial frontal and temporo‐parietal regional gray matter atrophy has been associated with decreased cognition, physical functioning, and independence.[^12^](#acn351010-bib-0012){ref-type="ref"}

Cognitive decline is a determinant of functional decline.[^31^](#acn351010-bib-0031){ref-type="ref"}, [^32^](#acn351010-bib-0032){ref-type="ref"} Thus, we considered useful to examine the associations using multiple models, with or without adjustment for time‐varying cognitive performance during the follow‐up. The association between AD biomarkers and IADL score was largely attenuated when models were adjusted for time‐varying cognitive performance, keeping however, its statistical significance. Whether this remaining association signifies unmeasured (until present) parameters in the preclinical stage (e.g., very early subtle cognitive and/or activities of daily living functional impairments not captured well with current assessments), remains to be examined.

Cognitive decline begins many years before dementia diagnosis and test scores could remain in the expected, for age, range, concealing the decline.[^33^](#acn351010-bib-0033){ref-type="ref"} In a similar manner, subtle changes in activities of daily living could occur for some time in the preclinical period until changes of clinical significance (e.g., limiting or threatening independence) are detected. However, most instruments available to detect IADL or ADL decline might be geared toward the later stages of dementia and fewer toward early (prodromal to mild) AD and MCI,[^34^](#acn351010-bib-0034){ref-type="ref"} even though this period, where daily living abilities have more subtle limitations and independence is not disabled, could be the opportune time for interventions that support daily living abilities as cognition declines[^35^](#acn351010-bib-0035){ref-type="ref"} and help promote continued independence,[^36^](#acn351010-bib-0036){ref-type="ref"} or to provide disease‐modifying therapies once they become available. In present study, there were very few participants with a CDR‐SOB (functional)\>0 at baseline, thus it is hard to delineate why the A+N+ group had very similar CDR‐SOB (functional) difference from A‐N‐, as the other two groups (A+N‐, A‐N+; model 3), especially when adjusting for time‐varying cognitive performance; it could be due to lack of statistical power or could mean that the FAQ provided a better (more comprehensive) assessment of IADL performance than the functional component of the CDR‐SOB. Findings highlight the necessity to develop sensitive measures that capture both daily living functional and cognitive changes for the earliest stages of preclinical AD.[^37^](#acn351010-bib-0037){ref-type="ref"}, [^38^](#acn351010-bib-0038){ref-type="ref"}, [^39^](#acn351010-bib-0039){ref-type="ref"}

The group with A+N+ biomarkers had the steepest decline in IADL performance. This is a significant finding, as we also know that the A+N+ group might have accelerated cognitive decline (compared to A‐N‐),[^40^](#acn351010-bib-0040){ref-type="ref"} and could be a group prioritized for close follow‐up and preventive interventions when available. These results complement MCSA work[^41^](#acn351010-bib-0041){ref-type="ref"} showing that those with both abnormal amyloid and neurodegeneration had much higher MCI/dementia progression risk; while, as in the current study, having only one biomarker positive also increased the progression risk (although less so). Although not everyone that is A+N+ will develop dementia in their lifetime, IADL limitations are a major concern in all older adults given their quality of life implications and importance for the management of chronic conditions.[^36^](#acn351010-bib-0036){ref-type="ref"} We need to note also that this study population includes participants in midlife (31.5% of the study population), allowing for time to accumulate further amyloid or neurodegeneration. On the other hand, individuals in late life who have accumulated non‐amyloid related neurodegeneration might be more vulnerable for cognitive decline in lower than usually set amyloid levels,[^40^](#acn351010-bib-0040){ref-type="ref"} we could hypothesize that the same could be true for activities of daily living functional decline, as well.

We can assume that IADL decline in the A+N‐ group (or A‐N+ group) is driven by the progression of neurodegeneration. Not all neurodegeneration will be captured by our cortical thickness measure. As a consequence of the multiplicity of neurodegenerative processes, and the fact that the field lacks biomarkers for non‐AD tauopathy or TDP43 proteinopathy, we can only speculate on which of these processes or others is linked to IADL loss. We[^42^](#acn351010-bib-0042){ref-type="ref"} have previously shown that the prevalence of AN biomarker abnormality is higher in older age groups, but demographics or other clinical features do not substantially aid in establishing etiologies.

The relationship between cognitive and activities of daily living functional changes may differ by diagnostic status (e.g., CU aging vs. MCI vs. dementia),[^36^](#acn351010-bib-0036){ref-type="ref"}, [^43^](#acn351010-bib-0043){ref-type="ref"} which is in agreement with our findings that the functional trajectories are different with steepest IADL changes in those with MCI. In addition, in A‐ or N‐ participants, the annualized change in the predicted FAQ score was similar regardless of APOE ε4 status and this is consistent with previous research[^44^](#acn351010-bib-0044){ref-type="ref"} showing no significant difference in memory performance between APOE ε4‐negative and ‐positive groups in the absence of elevated amyloid.

The study has potential limitations. The study is lacking data on other important biomarkers (e.g., tau, vascular biomarkers and includes dichotomized (abnormal or not) AD biomarkers, but it is probable (as mentioned earlier) that lower -- than the cutoff values -- burden of biomarker abnormality is associated with IADL abilities decline. We "dichotomize" (as positive/negative) biomarkers that represent an underlying continuous process and classification errors (in particular close to cut points) could occur. We tried to include a measure of the burden of chronic conditions in the analysis (i.e., CCI), but other physical or visual limitations could limit IADL performance.[^45^](#acn351010-bib-0045){ref-type="ref"} Although we considered in analysis cognitive performance, cognition involves multiple discrete domains (e.g., memory, language, attention) and dysfunction in different cognitive domains might have a differential effect on IADL decline (independent or not of AD biomarkers).[^33^](#acn351010-bib-0033){ref-type="ref"} Nevertheless, exploring adjustment by multiple different cognitive domains was not one of the current study's aims, and awaits additional research.

This study also has several strengths. The study has a large number of participants without dementia with well‐defined AD biomarkers, utilizing multimodal, state‐of‐the‐art imaging. We were able to adjust for a composite measure of time‐varying cognitive performance beyond considering only baseline cognitive performance. The study was also able to do multiple sensitivity analyses, generally supporting the similar findings throughout. In addition, the study used informants' reports, that research has suggested provide more precise IADL information as individuals with MCI might underestimate their limitations.[^46^](#acn351010-bib-0046){ref-type="ref"} A better understanding of the long‐term trajectories of IADL functional decline would be essential in earlier identification of individuals at risk for dementia and eligible for outcome modifying interventions.[^47^](#acn351010-bib-0047){ref-type="ref"} Further studies are needed to understand if and when subtle changes in IADL performance are present early in the preclinical AD stages.
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